Abstract: Road crashes are mainly caused by three concurrent factors: infrastructure, vehicles, and human factors. The interaction between infrastructure and human factors leads to the concept of geometric design consistency, which can be defined as how drivers' expectations and road behavior fit. This paper presents a new global consistency model based on the difference between the inertial operating speed profile (V i ) and the operating speed profile (V 85 ). The first is calculated as the weighted average speed of the previous road section and represents drivers' expectations, whereas the second represents road behavior. A set of 71 homogeneous two-lane rural road segments located in Italy were used in the calibration of the model. As a result, a safety performance function based on this new consistency model was proposed to estimate the number of crashes on an entire road segment. Finally, the new model was compared with previous global consistency models, concluding that the new consistency parameter better explains the phenomenon than the previous ones. Therefore, the new consistency model is a useful tool for engineers that allows estimation of the number of crashes and incorporates road safety into the geometric design of both new two-lane rural roads and improvements to existing highways.
Introduction
More than 1.2 million people die every year on the world's roads, making road traffic injuries a leading cause of death globally. This costs governments approximately 3% of their GDPs (WHO 2015) . The majority of fatalities occur on rural roads. Specifically, in Italy, 48% of all road accidents took place on this type of road between 2011 (European Transport Safety Council 2015 .
Road crashes may be caused by several concurrent factors, with infrastructure, vehicle, and human factors the most important ones. Particularly, the infrastructure factor is behind over 30% of road crashes (Treat et al. 1979) . In fact, accidents tend to concentrate at certain road elements. For this, infrastructure and its interaction with the human factor have been widely studied for geometric design consistency. Road design consistency can be defined as how drivers' expectations and road behavior fit. In this regard, a consistent road means that the road user is not surprised while driving along it. On the contrary, an inconsistent road design produces surprises for drivers, leading to anomalous behavior and increasing the likelihood of crash occurrences.
There are several methods to evaluate geometric design consistency: operating speed, vehicle stability, alignment indices, and driver workload (Gibreel et al. 1999) . The use of operating speed to determine consistency is the most commonly used method. Operating speed is defined as the 85th percentile of the speed distribution for passenger cars under free-flow conditions with no environmental restrictions (V 85 ). This speed can be estimated by the means of operating speed models.
Operating speed consistency can be analyzed using local and global assessments. Local models focus on localized issues, such as sudden speed reductions or high differences between the design and operating speeds. Those models are ideal to detect where road accidents are more likely to occur. On the other hand, global consistency models examine the overall speed variation throughout an entire road segment. Even though they do not indicate where accidents are prone to take place, they can be introduced into a safety performance function (SPF) to estimate the number of crashes on the entire road segment.
The most widely used local method was developed by Lamm et al. (1999) . They presented two design consistency criteria related to operating speed. Criterion I focuses on disparities between operating and design speeds, and Criterion II examines operating speed differences between successive elements. Lamm et al. established thresholds for both criteria, distinguishing between good, fair, and poor consistency based on average accident rates observed at several alignment layouts.
There are some other local consistency criteria, such as Leisch and Leisch (1977) , Kanellaidis et al. (1990) , and García et al. (2013b) . The first one proposed the following three consistency criteria:
• The difference between design speeds of two consecutive road segments should not exceed 10 mi=h; • The difference between the operating speeds for passenger cars of two consecutive road geometric elements should not exceed 10 mi=h; and • The difference between operating speeds for passenger vehicles and trucks should not exceed 10 mi=h. Kanellaidis et al. (1990) suggested that a consistent road design could be achieved if the operating speed difference between two consecutive road geometric elements were lower than 10 km=h. Also, finally, García et al. (2013b) presented a novel approach to calculating drivers' expectations and behavior. For them, drivers' expectations at a certain location can be estimated considering the inertial operating speed (V i ), which is the average operating speed of the previous 1,000-m road segment. On the other hand, road alignment behavior can be estimated with the operating speed (V 85 ). They defined the inertial consistency index (ICI) as the difference between V i and V 85 . Therefore, the larger this index, the more different drivers' expectations and road behavior are; thus, accidents are more likely to occur.
Related to this, several authors have analyzed the influence of the preceding road section on operating speed of two-lane rural roads considering the geometric characteristics of the preceding element and the environmental or desired speed (Praticò and Giunta 2012) . As a conclusion, all studies highlighted the importance of considering the conditions of the preceding alignment to better estimate the operating speed on curves and tangents. Therefore, drivers' behavior at a particular point of the alignment is influenced by the expectations generated from the preceding road section.
Another type of consistency criteria is global consistency models. These kind of models were first introduced by Polus and Mattar-Habib (2004) . They used two parameters to evaluate geometric design consistency: relative area (R a ) and operating speed dispersion (σ). The first parameter was defined as the area bounded by the operating speed profile and the average operating speed, divided by the length of the road segment. Later, they updated their model by adding speed dispersion induced by heavy vehicles as a surrogate measure to vertical alignment (Mattar-Habib et al. 2008) .
Related to this, Garach et al. (2014) developed a new consistency model based on the same parameters for two-lane rural roads in Spain. In addition, they stated that the Polus and Mattar-Habib model was quite conservative because some road sections were classified as poor according to the global model while presenting fair consistency according to R a and σ.
Camacho-Torregrosa (2015) developed another global consistency model considering two operational parameters: the average operating speed and the average deceleration rate. He examined how the selection of the road segment has an important role in the estimation of road crashes. Several SPFs were developed accordingly.
In this regard, there are several previous studies that have analyzed the relationship between design consistency and road safety. Anderson et al. (1999) analyzed the relationship between traffic volume, curve length, and different consistency parameters such as speed reduction or average radius and crashes using Poisson, negative binomial, and lognormal regression analysis. Ng and Sayed (2004) and Awatta et al. (2006) calibrated several models to quantify road safety from the study of the relationships between different individual and combined consistency measures and the actual collision experience using regression analysis. Cafiso et al. (2010) developed a comprehensive accident model for two-lane rural roads considering the exposure, geometry, consistency (curvature ratio, operating speed dispersion, and number of speed differentials higher than 10 km=h), and context factors (driveway density and roadside hazard rating). Quddus (2013) concluded that average speeds are not associated with crash rates for unusual road conditions, such as high traffic volume or more than one lane per direction. Nevertheless, speed variations did present a significant influence and a positive trend on crash occurrence. Wu et al. (2013) analyzed the number of crashes by means of the difference between operating speed and inferred design speed. They concluded that there is a statistically significant positive association between consistency and safety.
Finally, Montella et al. (2008) and Montella and Imbriani (2015) highlighted that design consistency measures significantly affected road safety, not only on two-lane rural highways, but also on motorways. In the first study, they developed several crash prediction models for total crashes and severe (fatal plus all injury) crashes on Italian rural motorways incorporating some variables related to consistency, such as operating speed reduction. In the second study, they calibrated different SPFs from consistency variables such as the speed reduction between successive elements and the inertial speed considering the previous 5 km.
However, the selection of the road segment turns out to be crucial to applying global consistency models. Selected road segments must be homogeneous because the results depend on its selection (Cafiso et al. 2010; Camacho-Torregrosa 2015; Resende and Benekohal 1997) . There are three different complementary criteria to determine them:
• Examining cross-sectional or important traffic variations;
• German method based on curvature change rate (CCR) variations; and • Analyzing users' operational behavior by means of the inertial operating speed (Garcia et al. 2013a ).
The way the inertial operating speed is calculated was revealed as a crucial factor. This factor aims to represent drivers' expectations; therefore, it should correctly reflect their previous behavior. Traditionally, this speed has been calculated based on distance, considering different lengths and extracting a simple average. However, this does not match the drivers' expectation acquirement process, which is related to short-term memory (STM).
STM is the memory system that contains moment-to-moment conscious thoughts and perceptions. According to Revlin (2012) , the capacity of STM increases with a person's age until it reaches a maximum in young adulthood. As long as a person able to rehearse, or pay attention to the information in STM, it can reside there indefinitely. However, without rehearsal, STM gradually declines and the information is lost in approximately 18 s (Revlin 2012) . As a result, drivers do not recall all locations of the previous road section with the same intensity, so speed-based expectancies of drivers should be more based on the final part of the driven section rather than on one from the beginning. Therefore, estimating V i as a weighted average operating speed would be more suitable to represent drivers' expectations. This paper presents a new global consistency model based on the geometric design consistency concept for Italian two-lane rural roads. In a previous study, a new local consistency index was developed based on the difference between inertial operating speed and operating speed (García et al. 2013b ). Because of the good behavior of this index, different consistency parameters have been defined from the difference between the inertial operating speed profile and operating speed profile to develop a new global consistency model. These parameters will be assessed through SPFs to identify which parameter better estimates the number of crashes.
Objectives and Hypotheses
The main objective of the study is to develop a global consistency model based on how driver's expectancies and road behavior differ. This difference will be studied considering the inertial operating speed profile (V i ) and the operating speed profile (V 85 ). The difference between V i and V 85 will be considered a surrogate measure to geometric design consistency. In this regard, this research aims to determine how V i should be calculated comparing its difference with V 85 toward the number of crashes. As a result, a safety performance function based on the new consistency model will be obtained to estimate the number of crashes on an entire road segment.
The underlying hypothesis is that an inertial operating speed profile defined as the weighted average operating speed of the preceding road section is a surrogate measure to the actual behavior of the driver, who better recalls the last meters driven. In addition, the greater the difference between V i and V 85 , the lower the consistency and higher the likelihood of crash occurrence.
Methodology and Data Description
Methodology This research develops a new global geometric design consistency model based on the relationship between the operating speed behavior and road crashes. Continuous operating speed profiles were used in the analysis.
A large set of two-lane rural road sections was selected in Italy. The geometry of each road segment was recreated to calculate the operating speed profile. In this regard, the operating speed model developed by Marchionna and Perco (2008) was used, which was calibrated from Italian two-lane rural roads. In addition, traffic and crash data were obtained to identify the traffic volume and the number of crashes for each homogeneous road segment.
Finally, different safety performance functions were calibrated to identify the best consistency parameter and how inertial operating speed should be calculated.
Road Segments
A total of 48 road sections located in Italy were selected for the study. These produced 71 homogeneous road segments according to traffic volume, cross-section variations, major intersections, and curvature change rate (CCR).
First, road segments were divided into sections with similar traffic volume and cross-sections. Major intersections also have an effect on drivers' expectancies, so they were also considered for division. Finally, each road section was divided according its geometric behavior using the curvature change rate. Fig. 1 shows how this last step was carried out: a profile of the cumulative absolute deflection angle versus the road station must be plotted. Hence, homogeneous road segments can be distinguished according to similar CCR behavior. CCR is defined as the rate between the sum of the absolute deflection angles per length unit (km).
They were two-lane rural roads with annual average daily traffic (AADT) volume ranging from 1,319 to 19,577 vpd. Their length varied from 1,915 to 19,325 m, and their longitudinal grade did not exceed 5%. Regarding their cross-sections, the lane width ranged from 3.00 to 3.50 m, and the shoulder width varied from 0.50 to 1.50 m.
Traffic and Crash Data
Traffic volume and crash data were provided by the Azienda Nazionale Autonoma delle Strade (ANAS) and the Automobile Club Italia (ACI), respectively. Thus, the AADT and the number of crashes with victims were identified for each homogeneous road segment. Regarding this, accidents with victims refers to injury and fatal crashes, with the exclusion of property damage only (PDO) accidents.
AADT was defined as the average traffic volume from 2012 to 2015. Only crashes with victims were considered between 2005 and 2014. Only crashes because of road alignment were considered, so all crashes caused by vehicles entering the road at an intersection were removed from the analysis. As a result, a total of 2,080 accidents were reported, which involved 202 fatalities and 3,701 injured. Table 1 shows a statistical summary of the main characteristics of the homogeneous road segments used in this study.
Horizontal Alignment and Speed Profiles
Operating speed profiles for all road segments were obtained by means of the horizontal geometry, which was recreated by means of the methodology proposed by Camacho-Torregrosa et al. (2015) .
Operating speed profiles were obtained for each road segment using the operating speed profile model calibrated by Marchionna and Perco (2008) for Italian two-lane rural roads. The model takes into consideration the general character of the horizontal alignment by estimating the desired speed using the curvature change rate (Table 2) .
Inertial Operating Speed
Finally, inertial operating speed profiles were calculated from the operating speed profile of each road segment. This speed aims to represent the driver's expectations, which depends on the shortterm memory that is gradually in decline (Revlin 2012) .
Therefore, the inertial operating speed at each point of the alignment was defined as the weighted average operating speed of the preceding road section.
Different distances and weighting distributions were considered to estimate the inertial operating speed. Distances (L) were considered between 100 and 1,500 m with a step of 100 m, whereas four weighting distributions were proposed: constant, linear, convex parabolic, and concave parabolic (Fig. 2) .
The constant distribution provided the average speed. The weighting factor for the other distributions ranged from 0 to 1, increasing as the station got closer to the critical section. Particularly, Fig. 1 . Determination of homogeneous road segments the vertices of the convex and concave parabolic distributions were in 1 and 0, respectively. The equations of these distributions are shown in Fig. 2 , where s j is the actual station in meters, w j is the weighting factor for every station in this station, and s o and s f are the initial and final station in meters. Then, the inertial operating speed [Eq. (1)] is the weighted average speed of the last L meters according to a particular weighting distribution
where V i;k = inertial operating speed (km=h) at the point k; V 85;j = operating speed at the point j; and w j = weighting factor at the point j.
As a result, 60 (15 values of length × 4 weighting distributions) inertial operating speed profiles were developed for each road segment. The main objective was to identify which length and weighting distribution better represents drivers' expectations. Fig. 3 shows the inertial operating speed profile considering a length of 1,000 m and a linear distribution. As an example, the inertial operating speed calculation is shown for the station 2,125 m. The horizontal side of the orthogonal triangle represents the station difference (1,000 m), whereas the vertical one is related to the weighting distribution, which linearly ranged from 0 to 1.
Consistency Parameters
Different consistency parameters were defined, considering several variables derived from the difference between the inertial operating speed profile and operating speed profile (Fig. 4) . According to this definition, a positive value of this difference means drivers' expectations are violated because drivers' speeds are lower than the expected speed. This situation leads to a higher likelihood of crash occurrence.
For a particular road segment, the following variables are calculated ( and V 85 considering only the positive differences; Note: CCR = curvature change rate of the road segment (gon=km); R = radius of the curve; V des = desired speed on tangents (km=h); V 85 = operating speed on curve (km=h).
Fig. 2. Weighting distributions
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• LðþÞ (m): length of the road segment considering only the positives differences; • σðþÞ (km=h): standard deviation of the difference between V i and V 85 considering only the positive differences; and • Að> x km=hÞ (m · km=h): area bounded when the difference between V i and V 85 is higher than x km=h. Table 3 summarizes the proposed consistency parameters. All parameters are expressed in speed terms. This is an important advantage in relation to other consistency models because the model interpretation is easier. Regarding the variables, the higher the value of the area or standard deviation, the lower the consistency because it means that the difference between both speeds is higher. On the other hand, when two road segments present the same area, the higher the length, the higher the consistency. Therefore, the level of consistency is greater as the value of any parameter is lower.
These parameters were calculated for each homogeneous road segment as the average between the values obtained for the forward and backward directions.
Results

Functional Form and Goodness-of-Fit Measures
The consistency parameter will be determined by examining its relationship to road crashes. Following common practice (Lord and Mannering 2010) , generalized linear modeling techniques were used to fit a safety performance function that relates exposure and consistency to the number of crashes. A negative binomial distribution was assumed because it is a good solution with over dispersed count data (Lord and Mannering 2010) . Only crashes with victims were considered, as stated previously. In addition, crashes of 10 years were considered to reduce the variability of these data. Thus, the safety performance function expression is as follows:
where Y i;10 = accidents with victims of the road segment in 10 years; β i = regression coefficients; L = length of the road Exposure parameters (AADT and L) are introduced as elasticity terms, which enables an easy interpretation of their behavior. Hence, it will be possible to determine how crash rates are affected depending on traffic volume and road segment length. In case the road length has no influence on crash rates, the β 1 coefficient will be automatically set to 1.
The Akaike information criterion (AIC) was given in all regressions as a measure of the goodness of fit. This index is based on information theory and allows selecting a model from a set of models. In this regard, this criterion seeks a model that has a good fit with few parameters. A smaller AIC value indicates a better model. It is defined as
where log(likelihood) = log-likelihood at its maximum point of the model estimated; and K = number of parameters in the model. The quality of fit was also assessed from the cumulative residuals (CURE) plots (Hauer and Bamfo 1997; Lord and Persaud 2000) . This method consists of plotting the cumulative residuals for each independent variable. The aim is to graphically observe how well the function fits the data set. The CURE method has the advantage of not being dependent on the number of observations. In general, a good cumulative residuals plot is one that oscillates around 0. Thus, a good fit is given when the residuals do not stray beyond the AE2σ Ã boundaries.
Exposure Influence
It is well known that crashes are highly affected by the exposure. Indeed, several previous researchers have developed safety performance functions that only depend on the exposure (Cafiso et al. 2010; Harwood et al. 2000) . Thus, a first calibration is performed only with the exposure. This will allow determination of how the following consistency parameters affect the predictions, and whether it is worthwhile to consider them. The expression of accidents in terms of exposure is
where Y i;10 = accidents with victims of the road segment in 10 years; β i = regression coefficients; L = length of the road segment (km); and AADT = average annual daily traffic (vpd). Table 4 shows the outcomes of the adjustment. As expected, all parameters are statistically significant. The AADT estimate is close to 1. This indicates that the number of crashes is linearly affected by the traffic volume under consideration. On the other hand, the length estimate is lower than 1. This indicates that a higher length results in lower crash rates.
The AIC of this model will be compared to those determined for the consistency models.
Consistency Influence
A total of 480 safety performance functions were calibrated by combining 60 inertial speed profile variations and eight consistency parameters.
All models were arranged considering their AIC values. In this regard, Table 5 shows the 25 models with the lowest AIC values. It could be observed that Parameter 7 was the most important. This parameter was calculated from several variables that considered only the positive difference between the inertial operating speed and operating speed ( Table 3) . As mentioned previously, a positive difference means that drivers' expectations are violated, which produces an increase of the likelihood of crash occurrence.
The best models presented consistency parameters that were calculated considering linear or parabolic weighting distributions. In addition, the AIC values were lower than the AIC value considering only the exposure (AIC ¼ 557.92). Therefore, all hypotheses of the study were verified. In this regard, the last meters driven have higher importance on the driver's behavior.
However, the evolution of the AIC value was also analyzed according to each parameter and weighting distribution. Its objective was to identify the best model more properly. As an example, Figs. 6 and 7 show the trend of the AIC value considering Parameter 7 and the convex parabolic distribution, respectively.
In general, the lowest AIC values were found for distances from 500 to 700 m. Parameter 7 presented the best behavior as a consistency indicator, so the proposed model was the 600PV7 one (Table 6 ). This model uses Consistency Parameter 7 (Table 3) , which was obtained from the inertial operating speed profile considering 600 m and a concave parabolic distribution. Finally, the model was validated by means of CURE plots (Fig. 8) . It can be observed that the plots against each explanatory variable do not stray beyond the AE2σ Ã boundaries, apart from a few points where the AADT or C is high. It is mainly because of the few Natural logarithm of L β 1 0.7070 1.27 × 10 −6 Natural logarithm of AADT β 2 1.0307 <2 × 10
Overdispersion parameter = 0.34282 AIC ¼ 557.92 available data for high traffic volumes and road segments with very poor consistency. In these situations, the proposed model tends to underestimate the number of accidents. Therefore, it is recommended to use the new consistency model for road segments that present a traffic volume lower than 13,500 vpd. Despite this, the new consistency model is a useful tool for engineers to estimate the number of crashes in Italian two-lane rural roads.
Discussion
Inertial Operating Speed
Drivers' expectations have been modeled from inertial operating speed, which was defined as the weighted average operating speed. Different distances and weighting distributions were studied to identify how the inertial operating speed should be estimated. As a result, this speed should be calculated at each point of the alignment considering a concave parabolic distribution and 600 m, which supports the hypotheses of the study. The constant distribution, which had been used by other authors previously (García et al. 2013b; Montella and Imbriani 2015) , presented worse results than linear and parabolic distributions. This phenomenon highlights that drivers' behavior is more influenced by the last meters driven, which is consistent with short-term memory.
Effect of the Consistency Parameter on Road Crashes
The consistency parameter is valid for estimating the number of crashes. This parameter is defined as the square root of the area bounded by the difference between V i and V 85 [AðþÞ] divided by the length of the road segment [LðþÞ] and multiplied by the standard deviation of the difference between both speeds [σðþÞ] , considering only the positives differences. The higher the consistency parameter, the higher the crash rate (Fig. 9) .
A positive difference between V i and V 85 means that drivers' expectations are violated. Therefore, a higher crash rate is expected. Thus, for a given AðþÞ, a higher length and a lower σðþÞ lead to a lower crash rate, i.e., a good consistency. Likewise, for a given LðþÞ, a higher AðþÞ or σðþÞ leads to a higher crash rate, i.e., a poor consistency. All of this can be observed in Fig. 10 , where the crash rate is shown as the size of the circles.
Comparison with Previous Global Consistency Models
The new consistency model has been compared with the global consistency models developed by Polus and Mattar-Habib (2004) , Garach et al. (2014), and Camacho-Torregrosa (2015) .
First, different safety performance functions were calibrated considering the consistency parameters proposed by the authors. Table 7 shows the outcomes of the adjustment. It can be observed that the AIC values were higher than the AIC values of the new model (Table 6 ). Therefore, the new consistency parameter presents a closer relationship with the crashes than the previous models.
Finally, a graphic was developed to analyze the relationship between the number of observed and predicted crashes (Fig. 11) . As a result, the behavior of all models was similar. The coefficient of determination of the linear model considering the new consistency parameter (60%) was higher than the models developed from the consistency parameters of Polus and Mattar-Habib (59%) and Garach et al. (57%) , but lower than the model developed by Camacho-Torregrosa (62%). In addition, all models presented similar values for the root-mean-square error (RMSE) and the mean absolute error (MAE) and tended to underestimate the number of crashes when the number of observed crashes was high.
Therefore, the new consistency parameter can better represent the phenomenon, enabling a more accurate estimation of crashes than the previous global consistency models.
Consistency Model Application
The new global consistency model can be used to evaluate road safety in the design or improvement stage. For this, the first step is the estimation of the operating speed profile. In this regard, Marchionna and Perco's model is recommended because it was developed using Italian two-lane rural road data. Next, the inertial operating speed is calculated at each point of the alignment as the weighted average operating speed according to a concave parabolic distribution considering a 600-m-long section. Finally, the consistency parameter is determined from the difference between the inertial operating speed profile and the operating speed profile, Fig. 7 . Evolution of the AIC value considering the concave parabolic distribution allowing engineers to estimate the number of crashes by means of the following safety performance function:
where Y i;10 = accidents with victims of the road segment in 10 years; L = length of the road segment (km); AADT = average annual daily traffic (vpd); and C = consistency parameter (km=h) defined as: where AðþÞ, LðþÞ, and σðþÞ are consistency variables defined previously. This safety performance function based on the new consistency model is a useful tool for engineers to compare and sort different design proposals, maximizing road safety. Nevertheless, it is recommended to use this model complementarily with a local consistency model. The global model will allow estimating the number of crashes on an entire road segment, whereas the local model will indicate where the most hazardous points are located.
Conclusions
A new global consistency model has been presented in this paper. A set of 71 homogeneous two-lane rural road segments were used in the analysis. As a result, approximately 550 km were recreated.
The new model was developed from the difference between the inertial operating speed profile and the operating speed profile. In this regard, V i represents drivers' expectations, whereas V 85 represents road behavior. The higher the difference between both speeds, the higher the crash rate because this means that drivers' expectations are violated.
Different distances and weighting distributions were studied to identify how inertial operating speed should be calculated. In addition, eight consistency parameters were proposed for the analysis. As a result, 480 safety performance functions were calibrated.
Most safety performance functions that incorporate a consistency parameter showed lower AIC values than the safety performance function considering only the exposure. Therefore, the level of consistency significantly influences the occurrence of crashes.
The best model was the 600PV7 model, which used Consistency Parameter 7 (Table 3 ). This parameter was obtained from the inertial operating speed profile considering 600 m and a concave parabolic distribution, which was consistent with the shortterm memory behavior.
The new consistency parameter is defined as the square root of the area bounded by the difference between V i and V 85 [AðþÞ] divided by the length of the road segment [LðþÞ] and multiplied by the standard deviation of the difference between both speeds [σðþÞ] considering only the positive differences. Thus, the lower the AðþÞ or σðþÞ and the higher the LðþÞ, the higher the consistency.
The new safety performance function was compared with several safety performance functions calibrated from the consistency parameters proposed by Polus and Mattar-Habib (2004) , Garach et al. (2014), and Camacho-Torregrosa (2015) . As a result, the new model showed the lowest AIC value and a closer relationship with the observed crashes.
Therefore, the new consistency parameter based on the geometric design consistency concept describes the phenomenon better than the previous global consistency models. Thus, the new safety performance function is a useful tool for the engineers that allows estimating the number of crashes and incorporates road safety into the geometric design of both new Italian two-lane rural roads and improvements of existing highways. 
